The mono-oxo aryloxide complexes [M(O)(L 1 )2] (M = Mo (1·hexane), W(2·2MeCN)) have been prepared from [Mo(O)(Cl)4] or [W(O)(Ot-Bu)4] and two equivalents of the di-phenol 2,2 /ethylidenebis(4,6-di-tert-butylphenol) L 1 H2, respectively. Use of in-situ generated [Mo(O)(Ot-Bu)4] with two equivalents of L 1 H2 also led to the isolation of 1·2MeCN. In the presence of adventitious oxygen, attempts to generate in-situ [Mo(O)(Ot-Bu)4] and reaction with one equivalent of L 1 H2 afforded the bi-metallic complex [Mo(O)(L 1 )(µ-O)Li(THF)(MeCN)]2·2MeCN (3·2MeCN). Use of the tetra-phenol α,α,α′,α′tetrakis(3,5-di-tert-butyl-2-hydroxyphenyl)-p-xyleneH4 (L 2 H4) with [Mo(O)(Oi-Pr)4] led to the isolation of {[Mo(O)]L 2 }2 (4), whilst the analogous tungsten complex {[W(O)]L 2 }2 (5) was isolated from the reaction of L 2 H4 with [W(O)(Ot-Bu)4]. Similar reaction of p-tert-butylcalix[4]areneH4 (L 3 H4) with [Mo(O)(Oi-Pr)4] afforded ([Mo(O)L 3 (NCMe)]·3MeCN (6·3MeCN). Modification of known routes were employed to This is the accepted manuscript of an article published in Dalton Transactions 2 access the complexes [W(Cl)2L 3 ]·3.5MeCN (7·3.5MeCN) and ([W(O)L 3 (NCMe)] (8), whilst use of [WO(Ot-Bu)4] with L 3 H4 unexpectedly afforded [W(Ot-Bu)2L 3 ]·MeCN (9·MeCN). The molecular crystal
Introduction
There has been interest in the coordination chemistry of oxo molybdenum and tungsten species for many years given their relevance to a number of enzyme structures. For example, in the molybdenum oxotransferases, which, as the name suggests, promote oxygen atom transfer reactions, the active site has been identified as containing a mono-nuclear metal centre bound by one or two oxygen centres. [1] Furthermore, there is a drive to model the active site of molybdenum hydroxylase enzymes. [2] Most work has featured cis-dioxo molybdenum cores, [3] but a number of mono-oxo systems have been isolated and structurally characterized. [4] Our interest in such species stems from their catalytic potential in polymerization processes, and our on-going investigations into constrained ligand-metal environments. [5] In this context, we have previously screened a small number of molybdenum and tungsten compounds in the ring opening polymerization (ROP) of cyclic esters, [6] and some interesting results were observed for tungsto-systems derived from p-tert-butylcalix[n]arenes. In particular, for the system based on n = 8, moderate activities were achieved at high temperatures, whereas related n = 6 systems were inactive. [6a] Given this, we have broadened our studies to include a number of oxo species of molybdenum and tungsten, all of which are bound by chelating aryloxide ligands derived from phenols of the type 2,2 /ethylidenebis(4,6-di-tert-butylphenol) (L 1 H2), α,α,α′,α′-tetrakis(3,5-di-tert-butyl-2-hydroxyphenyl)-p-xyleneH4 (L 2 H4) or p-tert-butylcalix [4] areneH4 (L 3 H4) (see scheme 1). This is the accepted manuscript of an article published in Dalton Transactions 3
In terms of previous work on Mo or W complexes of L 1 H2 or related species, dinuclear (d 3 -d 3 ) species and complexes where the CHR bridge (R = S, Te) in the diphenol have been reported; the latter were screened in the ROP of norbornene. [7] We have also reported a number of tungsten(IV, VI) halide complexes. [8] For L 2 H4, to the best of our knowledge, there are no reported group 6 complexes, although there have been some recent reports of coordination chemistry and/or catalysis employing other metals.
[9] In contrast, there has been considerable work on Mo/W systems derived from L 3 H4 or related compounds. In particular, for metal oxo complexes, Floriani reported the reaction of [Mo(O)Cl4] with L 3 H4 isolating a complex also containing 'free' L 3 H4 and trapped nitrobenzene. [ [14a] whilst Brown and Jablonski reported [W(Cl)2L 3 ] as a by-product in the formation of a tungstocalix [4] arene phenylimido complex.
[14b] An oxotungsten inclusion complex with acetonitrile was also structurally characterized by Pochini and Ugozzoli et al for which the para substituent on L 3 was cyclohexyl. [15] Herein, the study is focussed on the use of chelating phenoxide ligation at the oxo metal core (see scheme 1), and the similarities in the coordination environments provided by L 1 H2, L 2 H4, and L 3 H4. Additionally, we have examined the use of such species in the ring opening polymerization (ROP) of the cyclic esters ε-caprolactone (CL), δvalerolactone (δ-VL) and ω-pentadecalactone (PDL).
Cl Scheme 1. Complexes 1 -9 prepared herein (L = MeCN, R = tBu).
Results and Discussion:

Synthesis and molecular structures
Di-phenolates: Reaction of two equivalents of 2,2 / -CH(Me) [4,6- 
afforded, following work-up, the blue complex [Mo(O)L 1 2] (1). Stoichiometrically, 1 is formed via loss of four equivalents of LiCl. In the IR of 1, there is a strong vMo=O stretch at 963 cm -1 . Crystallization from a saturated hexane solution at 0 o C afforded crystals suitable for an X-ray diffraction study. Two views of the molecular structure of 1·hexane are given in Figure 1 , with selected bond lengths and angles in the caption.
The complex [Mo(O)(L 1 )2] is located on a two-fold axis, with the geometry at the molybdenum best described as distorted trigonal bipyramidal with the phenoxy atoms O (2) conformation. The hexane molecule is disordered over a symmetry element. 1 could also be crystallised from acetonitrile to yield 1•2MeCN which is isostructural with 2•2MeCN (vide infra), see Table 4 for crystallographic data. In the IR of 1•2MeCN, there is a weak vCN stretch at 2251 cm -1 . the space groups are different. The molecular structure of 2·2MeCN is shown in Figure 2 , with selected bond lengths and angles given in the caption. As for 1, the metal adopts a trigonal bipyramidal geometry with O(2)/O(4) axial. The angles between the planes are C(1) > C(6) vs C(17) > C(22) = 87.44(6)° and C(1) > C(6) vs C(17) > C(22) = 86.28(6)°. There are also two molecules of acetonitrile in the asymmetric unit, which were both modelled as fully 2-fold disordered. The solvent molecules reside in clefts between the molecules. The packing is such that the metal complexes are arranged in layers with molecules in one column parallel to a all having the same orientation, but the next column being inverted relative to the first (see Figure 3 ). This alternation then continues, and is reminiscent of the structure of p-tertbutylcalix [4] areneH4 (L 3 H4) and its solvates. [18] Figure 4 , with selected bond lengths and angles given in the caption. Half of this is the asymmetric unit, so the molecule lies on a 2-fold axis. The absolute structure has been reliably determined for this structure that crystallised in a Sohncke space Single crystals of 4 suitable for an X-ray structure determination were grown from a saturated hexane solution at 0 o C. The molecular structure of 4 is shown in Figure 5 , with selected bond lengths and angles given in the caption. (17) 
The structure of 6 is layered with 2D sheets in the a/b plane (see Figure 8 ). Within layers, molecules are alternately up-down-up-down. This motif, in space group P4/n, is commonly observed for tBucalix [4] areneH4 with small, short, encapsulated guest molecules that do not protrude too far outside the calixarene cavity. [18] The motif is still adopted here, seemingly unaffected by the addition of the M=O group which fits comfortably within a cleft between the molecules. (7), W(1)-Cl(2) 2.3308 (7),
179.02 (19) .
The tungsten oxo calix [4] arene was prepared via a modification of the method reported by Floriani et al, (7), W(1)-O(1)-C(1) 132.93 (19) , N(1)-C(12)-C(13) 163.2 (17) .
In the packing of 8, there are layers in the a/b plane with molecules alternately anti-parallel (see Figure   11 ). As with 6, which is isomorphous, the packing motif is similar to several t-Bucalix [4] areneH4 solvates.
[18]
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Ring opening polymerisation studies
General: The ability of these complexes to act as catalysts for the ring opening polymerization (ROP) of ε-caprolactone (ε-CL) ( Table 1 and Table S1 , ESI) and δ-valerolactone (δ-VL) / ω-pentadecalactone (ω-PDL) ( which the metal geometry is best described as distorted trigonal bipyramidal, afforded the highest yields of polymer, and given this, our investigations here have focussed primarily on these four complexes. The metallocalix [4] arenes 6 -9, where the metal is distorted octahedral, are not as active, and the products obtained may be better described as oligomers. [22] ε-caprolactone (ε-CL)
From the tables below and the kinetic data in the ESI, it can be seen that the molybdenum compounds 1 In the case of 4, at ambient temperature (14 o C) the system was inactive, although at 25 o C 67% conversion was observed over 24 h albeit in low yield. Increasing the temperature to 60 o C and above resulted in conversions > 90%, and at 130 o C using a ratio of 500:1, conversions in excess of 99% were achievable over 1 h. As for 1, the kinetics revealed a near first order dependence on the ε-CL concentration (Fig. S12, ESI) . There is again evidence for the presence of transesterification processes, with observed molecular weights being lower than the calculated values, and as well as the main family of peaks, minor second and third populations observed in the MALDI-TOF spectrum (see Fig. S14 , ESI).
Similar assignments as for 1 can be attributed to the MALDI-ToF spectrum of PCL using 4 (run 32, Table   S1 ), for example 2191 (cyclic), 2209 (acid, monosodium) and 2232 (disodium). On comparing results for 1 versus 4, the % conversions are comparable over most temperatures and the kinetic parameters are similar, with only a small benefit observed from the presence of the second metal in 4 (note in Tables 1 and S1, [M] takes into account the number of metals present, i.e. for 4 this would involve using half the concentration compared to 1). Interestingly, the observed Mn values for 4 tend to be somewhat lower (less than half) than those observed for 1.
δ-valerolactone (δ-VL)
Complexes 1 -9 were also evaluated as catalysts for the ROP of δ-VL (see Table 2 and Table S2 , ESI).
Using compound 1, the conditions of time, temperature and [M]:[δ-VL] were varied (see runs 1-15, Table   S2 ). Best observed results were achieved at ROP of ω-pentadecalactone (ω-PDL): In order to enhance the thermal properties of the polymers obtained herein, we also investigated the ROP of the macrolactone ω-pentadecalactone (ω-PDL). Unfortunately, none of the systems herein proved to be effective as catalysts for the ROP of ω-PDL either in solution at high temperatures (140 o C) or as melts. Bouyahyi and Duchateau noted that it is more difficult to achieve the ROP of ω-PDL versus ε-CL. [23] In conclusion, we have isolated and structurally characterized a number of oxo species 
Experimental
General: All manipulations were carried out under an atmosphere of dry nitrogen using conventional Schlenk and cannula techniques or in a conventional nitrogen-filled glove box. Hexane and toluene were refluxed over sodium. Acetonitrile was refluxed over calcium hydride. THF, DME, and diethylether were dried over sodium benzophenone. All solvents were distilled and degassed prior to use. IR spectra (nujol [17, 19] The pro-ligands L 2 H4 and L 3 H4 were prepared as described previously. [24] All other chemicals were purchased from Sigma Aldrich.
Synthesis of [Mo(O)(L 1 )2]·hexane (1·hexane)
L 1 H2 (2.21 g, 5.04 mmol) was dried at 80 °C for 12 h under vacuum. On cooling, diethylether (30 mL) was added and the system was cooled to -78 °C, following which n-butyllithium (6.30 mL, 1.6 M, 10.08 mmol) was added. The system was allowed to warm to ambient temperature and left to stir for 12 h. 
Ring open polymerization (ROP) procedures
ε-Caprolactone: Typical polymerization procedures are as follows. A toluene solution of 9 (0.010 mmol, in 1.0 mL toluene) was added into a Schlenk tube in the glove-box at room temperature. The solution was stirred for 2 min, and then ε-caprolactone (2.5 mmol) along with 1.5 mL toluene was added to the solution. The reaction mixture was then placed into an oil bath pre-heated to the required temperature, and the solution was stirred for the prescribed time. The polymerization mixture was then quenched by addition of an excess of glacial acetic acid (0.2 mL) into the solution, and the resultant solution was then poured into methanol (200 mL). The resultant polymer was then collected on filter paper and was dried in vacuo.
Kinetic studies
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The polymerizations were carried out at 130 °C in toluene (2 mL) using 0.010 mmol (for 1 and 2) and 0.005 mmol (for 4 and 5) of complex. The molar ratio of monomer to initiator was fixed at 500:1, and at appropriate time intervals, 0.5 µL aliquots were removed (under N2) and were quenched with wet CDCl3.
The percent conversion of monomer to polymer was determined by 1 H NMR spectroscopy.
Crystal Structure Determinations
The diffraction data was collected on a variety of modern diffractometers equipped with CCD, hybrid pixel array, or image plate detectors. X-ray sources were either conventional or micro-focus sealed tubes or rotating anodes generating either Mo-Kα or Cu-Kα X-radiation. Full details are presented in Table 3 and 
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